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Abstract 
Virtual Dressing Room (VDR) is the popular topics during the past 10 years and it seemed to have the bright future when 
Microsoft’s Kinect tracking system appeared in the market. The VDR is not only helping the online customer making decision on 
buying apparels but also helping customers in department store to save time in waiting for the fitting room. In facts, there are few 
parts of VDR that make virtual fitting more realistic and tracking the movement of the body is only one of them. The other parts 
are dealing with the clothing and how they interact with the body even when the customer moves around. The virtual fitting 
rooms available in the market today and on the website used 2D dresses putting in front of the body. These dresses did not fit on 
the body and did not interact with the body except they were appeared on the front part of the body. In order to make the 
simulation process of the virtual fitting room more realistic, 3D virtual dress will be used along with the physical interaction of 
the fabrics and the environment. In this research, we have to define the shape of the 3D dress and the physical properties of the 
fabrics. Since the dress did not come as one piece of fabrics but composed of many pieces with different textures and physical 
properties, for example, some parts is thicker than others or made with different materials, so all these issues have to be taken 
into account. In this research, the interaction occurred between fabric and the environment were calculated and applied. This 
covered all of the interactions occurred on the fabrics such as stretching, bending, damping, accelerating, colliding and gravity 
pulling. The simulation results can tell the difference among customers wearing jean, satin, silk or cotton. In this research, Unity 
3D game engine was used for simulation process along with Maya for model creation and Microsoft’s Kinect2 was used for 
tracking the dress and the body. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the 2015 International Conference on Virtual and Augmented 
Reality in Education (VARE 2015). 
Keywords: Virtual fitting room; 3D simulation; Physical propoerties of fabrics 
 
 
* Corresponding author. Tel.: +66-81-891-5172; fax: +66-75-67-2205 
E-mail address: poonpong@gmail.com 
 
15 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 2015 International Conference on Virtual and Augmented Reality in 
Education (VARE 2015)
13 Poonpong Boonbrahm et al. /  Procedia Computer Science  75 ( 2015 )  12 – 16 
1. Introduction 
Virtual fitting room is usually a topic for discussion while waiting in line for trying on dresses in the department 
store, especially when the store is on sale. With new technology for motion capture and depth sensing camera like 
Kinect from Microsoft, virtual fitting room seems to have a chance for success. Kinect makes it possible to detect 
parts of the body even while moving, making the attached dress move along with the body, so it look realistic when 
display on the screen. The drawback is that the dress usually display in 2 dimensions, so it look like the dress is 
attached only in the front of the body. There are some attempts in making the 3D virtual dresses wrapping around 
the body, but it take a lot of resource to make them realistic especially for dynamic simulation. The other problem is 
the appearance of the dresses which cannot be identified whether it made from what kind of fabrics. In order to make 
the perfect simulation of 3D dresses on the human bodies, we have to consider two important factors. The first one is 
the type of the dress whether it is a T-shirt, a shirt or a dress and the second factor is the type of the fabrics that were 
used to make them. The simulation for the first factor has to take the constraints from each type of the dress into 
account such as the shape of the dress, thickness in some parts of the dress and etc., while the second case have to 
take the physical properties of the fabrics in to account in order to make them look realistic. In this research, we 
concentrate on the second factor in order to simulate the fabrics that can be identifying from the simulation. Many 
researchers1,2,3 are actively involved in finding accurate physical parameter to help fabrics simulation look more 
realistic. The fabrics that have been investigated ranging from bamboo fabrics2 to membrane fabrics4. The technique 
used also varies from Mathematical model5 to the estimation using videos and images3. In this experiment, the 
estimation of the physical properties of fabrics relies on visualization between real object and simulation output. 
 
2. Experimental Methods 
2.1. Physical Properties of Fabrics 
The purpose of this experiment is to make a realistic dynamic 3D simulation of fabrics which can be identify 
visually what type of fabric is being used in that simulation. To be able to do that, their physical properties should be 
significantly difference. Four types of fabric that have different physical properties were investigated for this 
experiment including satin, jean, cotton and chiffon.  
• Satin: Satin is a type of textile weave that makes a glossy fabric. Satin is used to make wide variety of products 
but the popular usages are for elegant dress, bedding and lingerie. 
• Denim (Jean): Denim is a type of cotton textiles which use sturdy twill weave with a characteristic diagonal 
ribbing. Even though denim is known for its use in blue jeans, it came in many styles and colors.  
• Cotton: Cotton fiber differs from other cellulose fiber in morphological traits. The fabrics have some advantage 
from others in term of durability and utility since it is a chemically stable. Beside that it has high water-absorbing 
capacity, good breathable characteristics, easy to dye, low elasticity characteristic and easy washable and can be 
ironed at high temperature. Cotton fabric is suitable for making work-wear with high hygienic requirement. 
• Chiffon: Chiffon is a light weight fabric, made from cotton, silk or synthetic fibers. The “see through” property 
of chiffon is caused by the fine net or mesh which can be seen using magnify glass. 
 
The physical properties of the fabrics that have the effect on cloth simulation are stretching, bending, damping 
and friction. For example, cotton can be stretch and bend but not much compare to satin but has more friction than 
satin. Getting the exact value of these parameters is not possible due to the fact that we do not know the type of fiber 
used and the way they were weaved to make those fabrics. 
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2.2. Simulation of Fabrics in motion using Unity 3D game engine 
Fabric simulation has come a long way since two dimensional simulations. Today, fabrics simulation not only 
been done in static three dimensions but also in dynamic 3D simulation as well. To make realistic 3D dynamic 
simulation of fabric, proper physical parameters of each fabric such as density, resistance to bending, stretching, 
shearing, external force, aerodynamic effects, friction and collision, has to be implement in order to make the 
simulation of the fabric in motion look more realistic. 
In our experiment, dynamic simulation is done in Unity 3D environment. Unity 3D is a flexible and powerful 
development platform for creating multiplatform 2D and 3d game and interactive experience. Since Unity 3D 
provides physics-based solution for the simulation of fabrics and works in conjunction with the skinned mesh 
renderer, it is a perfect tool for our purpose.  
By varying the parameters of the fabrics including stretching stiffness, bending stiffness, damping and friction, 
the appearances of the fabrics will be different.  
The pictures from Fig. 1. to Fig. 4. show that the variation of each parameter will have some effects to the 
appearance of the fabrics. 
 
     
Fig. 1. The appearance of the fabrics with varying stretching stiffness (from min to max) while keep other parameters fixed. 
     
 
Fig. 2. The appearance of the fabrics with varying bending stiffness (from min to max) while keep other parameters fixed. 
 
     
 
Fig. 3. The appearance of the fabrics with varying damping (from min to max) while keep other parameters fixed. 
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Fig. 4. The appearance of the fabrics with varying friction parameter (from min to max) while keep other parameters fixed. 
 
Since there is no way to find out exact physical parameters for each fabric, we have to find the way to estimate 
them. One of the most practical ways is to compare with the real object.  
 
Displays from Fig. 5. to Fig. 8. show the fabrics interaction with the sphere in real world compare to the 
dynamic simulations of each fabrics using the proper estimated physical parameters. 
 
(a)  (b)   
Fig. 5. The interaction of jean fabrics and the ball in real world (a) and the computer simulation (b). 
 
     (a)  (b)   
Fig. 6. The interaction of cotton fabrics and the ball in real world (a) and the computer simulation (b). 
 
(a)   (b)   
Fig. 7. The interaction of chiffon fabrics and the ball in real world (a) and the computer simulation (b). 
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  (a)  (b)   
Fig. 8. The interaction of satin fabrics and the ball in real world (a) and the computer simulation (b). 
From the experiment shown above, we can estimate the value of physical parameter that were used in order to 
make the simulation look very close to the appearance from real materials under the same environment. Using this 
parameter in dynamic 3D simulation on dress, we can tell from the appearance, what type of fabrics were used in 
that simulation. 
3. Results and Discussion 
 According to the experiment, we can see that choosing the right parameter for fabric simulation will give the 
result close to real life experiment. All the results from the experiments are summarized in table 1. 
 
Table 1.  comparison of the fabrics in term of some physical properties that can separate them apart. 
                        Physical Parameters for each fabric 
 High  Low  
 Bending Stiffness Jean   Cotton  Chiffon   Satin 
 Stretching Stiffness Jean/Cotton/Chiffon   Satin 
 Damping  Jean   Chiffon       Satin /Cotton  
 Friction  Jean/Cotton   Chiffon                        Satin  
4. Conclusions 
Using the physical parameter from our experiment, the appearance of the fabrics under simulation can be 
predicted. The simulation results can tell the difference among customers wearing jean, satin, silk or cotton, which 
will be very useful for setting up the virtual fitting room. 
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